We achieved a record high index sensitivity in a cw photonic crystal nanolaser with a potential index resolution of < 10 −6 . We also demonstrated spectrometer-free index sensing utilizing nanolaser array.
Introduction
On-chip chemical and bio-molecular sensors have been extensively studied in these years [1] . Some groups used photonic crystal (PC) nanolasers for this purpose, which can be remotely operated by photopumping. Since their laser cavity is open to air and laser mode penetrates into air, we can detect the environmental refractive index through lasing wavelength shifts [2] . A similar approach utilizing a passive PC nanocavity was also reported [3] . However, it requires precise optical I/O, which is not suitable for easy, low cost, and disposable use. PC nanolasers are free from this serious problem, while its spectral linewidth was typically as wide as several nanometers [4] , which disturbs the high resolution sensing. Such linewidth broadening is caused by large thermal chirping under pulse operation. But it was difficult to obtain the cw operation in PC nanolasers because the Q value of nanocavity in liquid was as low as 10 3 [2] . Recently, we achieved the cw operation in a PC nanolaser by employing ultrasmall and high Q point-shift (H0-type) nanocavity and dramatically reducing the threshold [5] . So, now we can eliminate the above problem. In this paper, we demonstrate the sensing operation of this cw nanolaser with a record high sensitivity reported up to date. Also, we propose and demonstrate a spectrometerfree sensor consisting of nanolaser array and a band-pass filter (BPF). Fig. 1(a) shows the H0 nanolaser fabricated into GaInAsP quantum-well wafer and its lasing spectrum by photopumping. The laser mode exhibits a 50 dB peak intensity and a resolution limit spectral linewidth of 26 pm. Considering that a typical spectral linewidth of microlasers such as VCSELs is of 0.1 pm order above threshold, the linewidth of the PC nanolaser must be much narrower than the above value. Fig. 1(b) shows lasing spectra when the device was soaked in liquids with various indices nenv. The wavelength clearly shifted with nenv. In this experiment, we obtained a high index sensitivity of 290 nm/RIU, which is higher than the previous record [2] . If the spectral linewidth is actually of 0.1 pm order, an index resolution of < 10 −6 will be realized.
Index Resolution of H0 nanolaser

Spectrometer-free Index Sensing
In a standard sensing system, a high-resolution expensive spectrometer is necessary. To remove this for low-cost, we propose a system utilizing a PC nanolaser array, as shown in Fig. 2 . In this experiment, four nanolasers were integrated, each of which had a different shift sx in the range of 60 − 90 nm and different lasing wavelength. Near field pattern (NFP) of the laser light from the nanolaser array in various nenv is shown in Fig. 3 . Neglecting the nonuniformity of light intensity, we can confirm the simultaneous operation of four devices except for λ4. λ4 stopped lasing in nenv = 1.420 because the Q value decreased in the liquid. When the NFP was observed through BPF whose cutoff wavelength was 1.54 μm, the number of the laser spots changed according to the lasing wavelength shift. By increasing the number of nanolasers, it is applicable to a simple index sensing.
Conclusions
We demonstrated the index sensing using a cw PC nanolaser with a record high sensitivity of 290 nm/RIU. Considering a typical spectral linewidth of cw microlasers, the index resolution limit of this sensor would be of < 
